Background/objectives: To investigate the dietary sources of sodium and potassium and to explore the biological, behavioural and socio-demographic factors associated with a high sodium and low potassium diet in a general population. Subjects/methods: Cross-sectional dietary survey carried out in 1998 and 1999 in nationally representative samples of adults (n ¼ 1474) and children (n ¼ 1018). Daily sodium and potassium intakes were estimated using a 7-day food record after exclusion of underreporters. Results: Mean sodium intake was well above, whereas mean potassium intake was largely below the current recommendations in adults and children. The consumption of a high sodium and low potassium diet appeared very early in life and increased up to adulthood, especially in men living in small communities. Despite the fact that sodium and potassium intakes were positively correlated to each other and to total food intake, several food categories showed a sodium/potassium intake ratio well above one (cheeses, cooked pork meats, breads, breakfast cereals, soups, fast foods, pastries and sugary products) whereas others presented a ratio well below one (fruits, vegetables, dairy products, meats and hot beverages). Conclusions: High sodium and low potassium intakes were widespread in the population. The fact that the main dietary sources of sodium and potassium were, for the most part, not the same demonstrates the feasibility of simultaneously increasing sodium intake and decreasing potassium intake at the individual level.
Introduction
A large number of studies provide strong evidence of a causal link between high sodium intake, hypertension and cardiovascular diseases (Institute of Medicine, 2004; Meneton et al., 2005) . A high sodium diet has also been associated with an increased risk of bone demineralization, kidney stones and stomach cancer (Institute of Medicine, 2004) . There is an equally large body of evidence showing that potassium intake exerts a blood pressure lowering effect and is associated with a decreased risk of cardiovascular disease, bone demineralization and kidney stones, thus potentially offsetting the harmful effects of high sodium intake (He and MacGregor, 2001; Institute of Medicine, 2004) . Most guidelines on the prevention of chronic diseases and the management of hypertension emphasize the necessity both to reduce sodium intake and to increase the consumption of potassium-rich foods, such as fruits and vegetables (National High Blood Pressure Education Program, 2003; World Health Organization, 2003 Mancia et al., 2007) . However, they usually provide little information on the different sources of sodium and potassium in the diet and whether general consumers can easily achieve a reduction in sodium intake concomitantly with an increase in potassium intake (Arbeit et al., 1992) . This study analyzes a dietary survey that was performed in 1998 and 1999 in representative samples of the French population. It aims to identify the main food sources of sodium and potassium and to investigate the biological and socio-behavioural factors associated to a sodium-rich and potassium-poor diet in adults and children.
Methods

Survey population
We analyzed the data of the national food consumption survey that was performed between August 1998 and June 1999 by the French Food Safety Agency (Volatier, 2000) . This cross-sectional survey was primarily designed to assess food intake patterns in adults (15 to 92 year olds) and children (2 to 14 year olds). The sampling design used to select nationally representative samples of adults and children living in French households included a stratification by region of residence and community size and a distribution according to age, gender, household size and head of household socio-professional status by the quota method (Deville, 1991) . In comparison to the distribution of age in the French population as observed in the national census in 1999, the child sample (n ¼ 1018) was proportionally larger than the adult sample (n ¼ 1985) to include a sufficient number of individuals for the statistical analyses.
Assessment of dietary sodium and potassium intakes
The survey was randomly distributed over 11 months to cover all seasons. Participants used a 7-day record to note all their food and drink consumption. They estimated portion sizes by comparing their actual consumption with photographs in a reference manual (Le Moullec et al., 1996) . The biological, behavioural and socio-demographic parameters were self-reported using a specific questionnaire. Just before the week of the survey, a trained investigator delivered the documents at home and explained to the parents and their children how to fill them in. Parents completed both documents together with their children when the children were 9-year-old or under. On the last day of the survey, the investigator checked the accuracy of the information reported in the food record and the specific questionnaire. Average daily sodium and potassium intakes were calculated using a food composition table issued by the French Centre Informatique sur la Qualité des Aliments (Favier et al., 1995) . Sodium intake did not include discretionary salt (salt added by the consumer during food preparation or at the table) for which no reliable information was gathered.
This type of dietary record based on a photographic manual of portion sizes was validated by comparing the data with 24-h urinary excretion measurements that are considered to be the most accurate way for evaluating sodium and potassium intakes (Clark and Mossholder, 1986) . This was carried out in a group of 149 healthy volunteers who provided a total of three dietary records and 24-h urinary collections in the previous study (Meneton et al., 2008) . In this group, sodium and potassium intakes determined by the food records were correlated with 24-h urinary excretion values (r ¼ 0.27, P ¼ 0.05 for sodium and r ¼ 0.35, P ¼ 0.02 for potassium). These correlations were comparable with those reported by several other investigators (Schachter et al., 1980; Caggiula et al., 1985; Kesteloot and Joossens, 1990; McKeown et al., 2001; Reinivuo et al., 2006) .
Statistical analyses
To limit potential misreporting, 511 underreporters whose dietary intakes were unusually low in regard to their basal energy needs (energy intake to basal metabolic rate ratio less than 1.14) were excluded from the analyses (Goldberg et al., 1991) . These analyses were conducted separately in children and adults. Pearson's correlation coefficients and partial correlation coefficients adjusted for age and body mass index were computed to test the associations between sodium and potassium intakes, their ratio and total food intake (that is, all food and beverage items that were consumed by the participants). Dietary sources of sodium and potassium were evaluated through 19 major food and beverage categories that were constituted by grouping together items with similar characteristics. Multiple linear regression models were used to investigate the associations of sodium and potassium intakes and their ratio with the biological, behavioural and socio-demographic variables available in the survey. The associations were simultaneously adjusted for all the variables included in the models: total food intake, sex, age, region of residence, community size, household monthly income, household size, body mass index, occupation, physical activity, smoking and will to avoid salt (the four latter variables were only available in adults). Thus, a significant association reflects the fact that individuals had a qualitatively different diet with respect to sodium or potassium content. All analyses were performed with the statistical discovery software JMP 7 (SAS, Cary NC, USA).
Results
Overall distributions of sodium and potassium intakes and of their ratio The minimal and maximal values and percentage quantiles of sodium and potassium intakes and of their ratio are reported for adults and children in Table 1 . In adults, mean sodium intake (95% CI) was 136 (134-139) mmol per day, mean potassium intake was 77 (76-78) mmol per day and the sodium/potassium intake ratio was 1.80 (1.78-1.83). In children, mean intakes were 103 (100-105) mmol of sodium per day, 64 (63-65) mmol of potassium per day and their ratio was 1.64 (1.61-1.67).
Correlations between sodium and potassium intakes, their ratio and total food intake As shown in Figure 1 , sodium and potassium intakes were positively correlated to each other and to total food intake in adults and children. These correlations were also observed after adjustment for age and body mass index (r ¼ 0.50, Po0.0001; r ¼ 0.44, Po0.0001; r ¼ 0.62, Po0.0001 in adults and r ¼ 0.57, Po0.0001; r ¼ 0.63, Po0.0001; r ¼ 0.76, Po0.0001 in children). In contrast, the sodium/potassium intake ratio was not correlated with total food intake in adults and children after adjustment for age and body mass index (not shown). Table 2 lists food and beverage categories with their relative contributions to daily sodium and potassium intakes in adults and children. Breads, soups, cooked pork meats, convenience foods, cheeses, pastries and sugary products, fast foods, breakfast cereals and dairy products were the main contributors to sodium intake in adults as well as in children. The main contributors to potassium intake were also similar in adults and children with vegetables, dairy products, meats, fruits, beverages, soups, hot beverages, pastries and sugary products, convenience foods and breads being the major sources. Among these major sodium and potassium contributors, cheeses, cooked pork meats, pastries and sugary products, breakfast cereals, breads, soups and fast foods showed the highest sodium/potassium intake ratios, whereas fruits, hot beverages, meats, vegetables and dairy products displayed the lowest ratios. Figure 1 Correlations between sodium and potassium intakes and total food intake in adults (upper panels) and children (lower panels). Total food intake included all food and beverage items that were consumed by the participants. In adults, the equations of the linear regression lines are: potassium intake ¼ 46 þ 0.22 Â sodium intake (r ¼ 0.52, Po0.0001), total food intake ¼ 1596 þ 6.03 Â sodium intake (r ¼ 0.46, Po0.0001) and total food intake ¼ 913 þ 19.6 Â potassium intake (r ¼ 0.64, Po0.0001). In children, the equations are: potassium intake ¼ 35 þ 0.28 Â sodium intake (r ¼ 0.61, Po0.0001), total food intake ¼ 1024 þ 8.06 Â sodium intake (r ¼ 0.67, Po0.0001) and total food intake ¼ 530 þ 20.7 Â potassium intake (r ¼ 0.78, Po0.0001). Sodium and potassium intakes in the general population P Meneton et al
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Associations of sodium and potassium intakes and of their ratio with other covariates
In adults, after adjustment for all the variables included in the linear regression model, sodium intake was higher in men than in women, positively correlated with body mass index and negatively correlated with community size. It also varied across occupational categories with farmers and manual workers showing the highest intakes (Table 3) . Potassium intake was higher in men than in women and varied across occupation categories with farmers having the highest intake ( Table 3 ). The sodium/potassium intake ratio was higher in men than in women and was positively correlated with community size (Table 3) . Physical activity, smoking, the will of avoiding salt, the region of residence, household monthly income and size were not associated with sodium intake, potassium intake or their ratio (not shown). In children, sodium intake was higher in boys than in girls and was positively correlated with age (Table 3) . No significant association was observed with potassium intake but the sodium/potassium intake ratio was higher in boys than in girls and was positively correlated with age (Table 3) .
Body mass index, the region of residence, community size, household monthly income and size were not associated with sodium intake, potassium intake or their ratio (not shown).
Discussion
The dietary survey performed in 1998 and 1999 by the French Food Safety Agency provided us with useful information on sodium and potassium intakes in nationally representative samples of adults and children. The underestimation of sodium intake due to the non-assessment of discretionary salt and the potential bias of dietary records for evaluating the actual intake were not critical for the present analysis whose main objective was to assess the dietary sources and correlates rather than the absolute values of sodium and potassium intakes. Despite these limitations, the reported values of sodium and potassium intakes in the French population are very similar to the figures described in other industrialized populations (Intersalt Cooperative Research Group, 1988; Maldonado-Martin et al., 2002; Ervin et al., 9.2 ± 6.6 7.0 ± 5.6 1.7 ± 1.2 1.2 ± 1.0 6.2 ± 3.0 6.6 ± 3.2 Convenience foods c 10.5 ± 9.9 11.6 ± 9.9 6.3 ± 5.7 5.8 ± 5.3 1.9 ± 1.7 2.2 ± 1.4 Cooked pork meats 13.6 ± 9.1 13.3 ± 8.5 2.9 ± 2.2 2.7 ± 2.1 5. Sodium and potassium intakes in the general population P Meneton et al 2004; Heird et al., 2006; He et al., 2008) . In adults, the average sodium intake is well above the current recommendations (o90 mmol per day) whereas the average potassium intake is largely below the recommended adequate intake (120 mmol per day) (Institute of Medicine, 2004; World Health Organization, 2007) . In children, the situation is even worse as the reference nutrient intake for sodium is much lower than the current intake (Scientific Advisory Committee on Nutrition, 2003) . This underlines the urgent necessity to develop and implement policies aimed at reducing sodium intake and increasing potassium intake at the population level.
As part of these policies, the guidelines for the prevention of chronic diseases and the management of hypertension should give more specific advices for reducing the sodium/ potassium intake ratio of the diet. It is all the more necessary that, as reported here, the individual will of avoiding salt is a totally inefficient way of controlling sodium intake, which is a direct consequence of the low contribution of discretionary salt to daily sodium intake and of the lack of labelling on food items. Our results underline the possibility of simultaneously decreasing sodium intake and increasing potassium intake by judiciously choosing food categories. The main contributors to sodium and potassium intakes were essentially the same in adults and children. Breads, soups, cooked pork meats, convenience foods, pastries and sugary products were the major sources of sodium whereas vegetables, dairy products, meats and fruits were the major providers of potassium, similarly to what has been described in other industrialized populations (Allison and Walker, 1986; Witschi et al., 1987; Arbeit et al., 1992; Beer-Borst et al., 2009) . When considering the sodium/potassium intake ratio, and apart from seasonings and dressings that have a very Sodium and potassium intakes are expressed in mmol/24 h. Values are adjusted for total food intake (which included all food and beverage items consumed by the participants), sex, age, body mass index, physical activity, smoking, will of avoiding salt, region of residence, community size, household monthly income and size.
unfavourable ratio but provide very little sodium and potassium, several food categories showed a ratio well above one (cheeses, cooked pork meats, breads, breakfast cereals, soups, fast foods, pastries and sugary products) whereas others presented a ratio well below one (fruits, vegetables, dairy products, meats and hot beverages). Thus, despite the strong positive correlation between sodium and potassium intakes at the population level, the main dietary sources of sodium and potassium were, for the most part, not the same. This emphasizes the feasibility of increasing the consumption of potassium-rich foods while reducing that of sodiumrich foods at the individual level. Although the main dietary sources of sodium and potassium may vary from one population to another, it is likely that the present classification of food categories according to their sodium/potassium intake ratio can be used in most industrialized countries. The biological and socio-demographic characteristics associated with high sodium and low potassium intakes are not easily modifiable and hence are not very useful for preventive strategies. However, they can suggest specific population groups that could be targeted in priority. This study shows that sodium intake was higher in men than in women in both adults and children. Such a sex difference has been reported in many populations , but in several cases this difference was no longer present after adjustment for energy intake (Pietinen, 1982; Van Cauwenbergh et al., 1999) . Sodium intake rose progressively from 2-5 to 15-24 years of age and remained relatively constant into adulthood, indicating that the consumption of sodium-rich foods was a phenomenon that appeared very early in life and increased throughout infancy and adolescence. Sodium intake was also linked to the community size with the highest intake observed in adults living in a rural setting, as shown in other industrialized countries (Takemori et al., 1989) . The sodium/potassium intake ratio was generally associated with the same characteristics than sodium intake as potassium intake was fairly constant in the different population groups. It is noteworthy that some participant characteristics such as the region of residence and household monthly income and size were not associated with sodium and potassium intakes and their ratio. This suggests that food habits are relatively uniform across the territory and the social categories with respect to sodium or potassium intakes in contrast to what has been described in other countries (Gerber et al., 1991; Leclercq and Ferro-Luzzi, 1991; Ganguli et al., 1997; Bates et al., 2001; Hajjar and Kotchen, 2003) . In particular, it is of interest that potassium intake was not different on the Mediterranean coast as compared with other regions. This indicates that the current average diet in this region is not anymore a typical Mediterranean diet that is supposedly rich in fruits and vegetables, a situation which has also been reported in Italy, Greece, Portugal and Spain (Chen and Marques-Vidal, 2007) .
The strong positive correlation between sodium and potassium intakes at the population level has important public health consequences as the beneficial effects of potassium somewhat limit the deleterious effects of sodium. This correlation can be explained by the ubiquitous nature of potassium that is naturally present in most foods and by the widespread use of sodium in processed foods (Kodama et al., 2005) . Thus, the main determinant of sodium and potassium intakes appeared to be the total amount of food ingested that is strongly correlated with both sodium and potassium intakes in adults and children. This latter correlation has been described in other populations with energy intake as a surrogate measure of food intake (Pietinen, 1982; Uusi-Rasi et al., 1999; Cohen et al., 2006; Brion et al., 2008) . It raises the question whether guidelines, which often provide a single intake in men and women whatever the body size, are not oversimplified (Institute of Medicine, 2004; World Health Organization, 2007) . In view of the present results, it seems clearly inadequate to recommend the same sodium and potassium intakes for a large man and a small woman. However, it would be proper to recommend a single value for the sodium/potassium intake ratio that is not correlated with total food intake.
In summary, in representative samples of the French population surveyed in 1998 and 1999, mean sodium intake largely exceeded, whereas mean potassium intake was well below the recommended intake in adults and children. The consumption of a high sodium and low potassium diet started very early in life and was especially pronounced in men living in small communities. This situation could be improved at the individual level by promoting the consumption of food categories with a low sodium/potassium intake ratio such as fruits, vegetables, dairy products, meats and hot beverages and by discouraging the consumption of food categories with a high ratio such as cheeses, cooked pork meats, breads, breakfast cereals, soups, fast foods, pastries and sugary products.
